A serious ecological problem in Russia is presented by chemical plant waste, in particular spent catalysts of organic synthesis.
Of special interest is waste with a high content of valuable and scarce metals such as copper, nickel, chromium, cobalt, etc. Moreover, whereas the recycling of spent catalysts containing a fairly large amount of platinum metals has been set up successfully, the isolation of d-metals from depleted products is not always carried out, and these often accumulate in storage pits and are transported to dumps [1] [2] [3] .
The aim of the present work is to develop methods for processing metal-containing waste of spent catalyst NTK-4 from the synthesis of N-methylamine with its subsequent use as a functionally active ingredient (pigments, fireproofing agent, vulcanising agent, antiadhesive, etc.) in the development of polymer composite formulations. This waste contains copper, chromium, zinc, aluminium, and iron oxides, and also water and other impurities. The granule size is 5 x 5 mm, and the bulk density is 1500 ± 500 kg/m 3 .
The processing of such waste presents no difficulties. It is subjected beforehand to dewatering, thermal drying, and comminution to a particle size of no more than 0.25 mm.
Metal-containing waste (MCW) was studied as a vulcanising agent and filler for rubber mixes based on chloroprene rubber and chlorosulphonated polyethylene.
Pretreated metal-containing waste was introduced into a 5% solution of chloroprene rubber (to produce a film) in amounts of 5 and 10 parts. After evaporation of the solvent, the films were vulcanised at 150˚C for 40 min. The specimens obtained were placed in solvent tetrahydrofuran. The films did not dissolve, which indicates successful vulcanisation. The degree of swelling of chloroprene rubber vulcanisates containing 5 and 10 parts MCW over a 24 h period amounted to 65 and 55% respectively.
To produce rubber compounds based on chlorosulphonated polyethylene (CSPE), 2.5 parts rosin, 2.0 parts mercaptobenzthiazole, 0.5 parts diphenylguanidine, and 20 parts magnesium oxide (control mix) or 10, 20, and 30 parts MCW (trial mixes) were introduced into a standard mix containing 100 parts CSPE.
Mixing was carried out at 40˚C for 20-25 min on a mill; vulcanisation was carried out at 143˚C for 30 min.
The physicomechanical properties of vulcanisates from the control and trial rubber mixes are given in Table 1 . It can be seen that rubber compounds containing MCW as the vulcanising agent in amounts of up to 20 parts are not inferior to control rubber compounds.
To check the vulcanisability, the degree of swelling of specimens in carbon tetrachloride over a 48 h period was also determined. It was shown that the degree of swelling of the trial specimens (64-68%) differs little from the degree of swelling of the standard specimen (64%), which indicates successful vulcanisation and crosslink formation.
With amounts of 10 parts MCW, the necessary degree of crosslinking of the polymer is achieved. This shows the expediency of replacing expensive magnesium and zinc oxides with recycled feedstock, i.e. metal-containing waste.
A standard "raw" mix of chlorosulphonated rubber is white, but, when MCW is introduced, the colour of the vulcanisates changes from green to blue owing to the formation of copper and chromium salts. The use of MCW leads to stable colouring of rubber articles.
Thus, spent catalyst NTK-4 can be used in place of zinc and magnesium oxides for the vulcanisation of rubber mixes based on chlorosulphonated polyethylene and chloroprene rubber, colouring the vulcanisates in these cases.
Metal-containing waste was also used as a pigment and fireproofing agent in the manufacture of a polymer coating based on a copolymer of butadiene and piperylene with hydroxyl groups [4] . For this, the comminuted waste was mixed with water and the water-soluble fraction was removed. Insoluble fraction containing mainly copper and chromium oxides was treated with sulphuric acid for 3-3.5 h at a temperature of about 150˚C until the appearance of a bright-blue colour. After drying, a polyfunctional compound (PFC) of blue colour was obtained.
The colour of the pigment was the result of mixing the light-blue, bluey-green, blue, and violet colours of the copper and chromium sulphates formed. The colour was resistant to the action of light and air oxygen and to change in temperature.
The presence in the product of combined water (18%) gives the product the properties of a fireproofing agent. Furthermore, the presence of copper and chromium compounds promotes processes of carbonisation of polymers during combustion, which raises their flame resistance.
An investigation was made of the technical and economic characteristics of the pigments obtainedcovering power, oil number, colouring power, etc. It was shown that the pigments produced meet the necessary requirements. Thus, with an optimum particle size of 0.25 mm and a density of 3450 kg/m 3 , the covering power of the pigment amounts to 194 g/m 2 , the oil number to 38 g/cm 3 , the content of volatile substances to 3.9 wt.%, and the content of water-soluble substances to 42 wt.%.
The polymer coating specimens obtained, with different colours (green, light blue, blue, violet), possessed good resistance under atmospheric conditions. The main physicomechanical properties of the composites obtained (hardness, tear strength, water absorption, etc.) corresponded to the properties characteristic of the standard (uncoloured) composite.
When the PFC is introduced (depending on its quantity), the colour of the coating changes from light grey to greyish blue. The combustion time of such a coating is increased almost by a factor of 3. The coating possesses reduced adhesion to the mould. The product obtained can be considered a polyfunctional ingredient and, in particular, can be used as a pigment, fireproofing agent, and antiadhesive. Submitted for publication 13.12.2001
